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Dynamics of Innovation Patterns: 
Some Insights for Portugal 
 
 
Abstract 
 
 
Innovation has increased its importance in the past few years in several areas, 
calling the attention of many sectors of our society due the key role that innovation 
has in firm's life, namely in determining its competitiveness and sustainability (Freire, 
2006).  Consequently, innovation is also crucial to the economic growth of a country 
(Bilbao-Osorio and Rodríguez-Pose, 2004).     
The aim of this work is to identify and characterize Portuguese firms innovation 
patterns using CIS3 (1998-2000) and CIS4 (2002-2004) data for both manufacturing 
and service sectors and to compare the results between them. 
Through a Cluster Analysis we identify and define three clusters in each sector for 
each period of time.  The results show that there are differences between sectors and 
that some changes occurred through time, namely those related to innovation 
objectives and sources of information. 
We conclude that innovative pattern of firms in service sector in period 2002-2004 
is significantly different from the innovative pattern of manufacturing and service 
sector firms in 1998-2000.  
Comparing our results for CIS3 and service sector with those obtained for Spain 
and published by Camacho and Rodriguez (2008), we conclude that there are 
differences in the strategies of the innovation activities and in the distribution of 
innovation expenditures between the two countries and similarities in what concern 
with the main innovation objectives and sources of information. The two countries 
also differ in the way firms of different industries innovate; in service sector, in 1998-
2000, while Spanish firm’s innovative behaviour was heterogeneous within industries, 
in Portugal the firm’s behaviour was homogeneous. 
 
Keywords: Innovation; Firms Innovation Patterns; Cluster Analysis. 
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CHAPTER 1:  Introduction 
 
 1.1 The Importance of Innovation 
 
The innovation is, presently, considered a competitive factor with high relevance to 
a firm, being also able to determine its success (Rodrigues, 2003). Despite the 
attention in innovation has started decades ago, this thematic gained, recently, more 
importance and interest for firms decision makers, politics and for many authors in the 
most diverse countries (Armbruster et al., 2008). 
Before, the main goal of firms was to satisfy the needs of their customers or follow 
the competition without innovate; however, these type of behaviour made them loose 
customers, reducing their profitability and at last put their business at risk (Freire, 
2006). 
 The perception that, for example, the life of the product is shorter, that the offer is 
more individualized, that the needs of the costumers are more sophisticated, forced 
firms to adopt strategies based on innovation. Nowadays, we can identify three phases 
in the increasing intensity of innovation: copy, improvement and innovation. In the 
first one, firms are limited to copy the initiatives of their more important competitors. 
In the second, improvement, firms improved the process, products or services that 
already have. And the finally, in the innovation phase, firms create their own 
technology, products, services and processes (Freire, 2006). 
The potential of innovation and its impact on economic growth called the attention 
of the governments and most of EU members carry out annual or biennial surveys to 
measure, evaluate and identify innovation activities of firms in different sectors. The 
information obtained by these surveys allows us to evaluate firm’s innovation 
strategies, but also its impact on sales and on productivity. Based on the results from 
these surveys governments can understand more in depth this phenomenon and are 
able to elaborate strategies to promote grow of innovation activities with quality. 
In the 80’s, innovation surveys were carried in an isolated form namely in France, 
Netherlands and Germany. In the middle of 90’s, Eurostat institutionalized this survey, 
calling it Community Innovation Survey – CIS. This survey follows the guidelines of the 
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Oslo Manual. Since then, there were carried out five CIS: CIS1 (1988-1990)1; CIS2 
(1995-1997)1; CIS3 (1998-2000)1; CIS4 (2002-2004)1 and CIS6 (2004-2006)1. This year, 
2009, the eighth edition of CIS – CIS8 (2006-2008)1, is being implemented. 
Since then, many studies were made using CIS data, for example, to evaluate the 
relation between R&D and Innovation (e.g. Simonem and McCann, 2008 and Mairesse 
and Mohen, 2004), between Innovation and Costs (e.g. Jena and Philipson, 2008), 
Innovation and Productivity (e.g. Griffith et al., 2006) and others to evaluate the 
innovation own process and the characteristics that involve (e.g. Santarelli and 
Piergiovanni, 1995; Hollenstein, 1996 and Evangelista et al., 1997). 
In accordance with Hall and Mairesse (2006) all these studies using surveys on 
innovation, and in certain cases combined with other data, can be divided in two 
groups. The first group contemplates the studies that apply the model of R&D, 
innovation and Inter-relations of productivity at firm level, what is similar, according to 
this paper, with what Crépon, Duguet and Mairesse propose (1998)  for so many 
different countries as France, China, Chile, Sweden, Netherlands, among other 
European countries. While the second group is related with the studies that directly 
analyse several aspects of firm’s knowledge management.  
With this work we intend to add a third group where we  identify the innovation 
patterns of Portuguese firms, in the line with studies already carried out, for example, 
in Switzerland (Hollenstein, 2003) and in Spain (Camacho and Rodriguez, 2008). The 
first one, made in Switzerland, used CIS3 data and aimed to contribute for the 
understanding of innovation patterns in service sectors and comprehend if those 
patterns were economically equivalents. Through cluster analysis applied to a great 
number of innovation indicators the author was able to identify five innovation modes. 
The second one carried out in Spain also used CIS3 data and had the aim to identify the 
main innovation patterns of Spanish service firms. The authors conclude that there is a 
high heterogeneity between the five patterns identified and also between firms within 
the same industry. They also found similarities with pioneer classifications, as the 
theoretical taxonomy of service industries applied by Soete and Miozzo (1989) or the 
classification of service firms elaborated by Hollenstein (2003) already mentioned. 
                                                 
1
 Reference years of surveys. 
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These kind of studies started with Keith Pavitt in 1984 in his famous paper “Sectoral 
patterns of technical change: towards a taxonomy and a theory” where he categorized 
all service industries as “supplier-dominated”, and later, in 1989, he added a new 
group of “information intensive” sectors which included retailing and financial services 
(Pavitt et al., 1989). In this same year, 1989, Soete and Miozzo did a pioneer work with 
the aim of classify service industries according their own patterns to elaborate a 
taxonomy of innovation surveys using the same criteria as Pavitt, as Camacho and 
Rodriguez refer. Soete and Miozzo (1989) in their work defined three groups in terms 
of innovation: ‘”Supplier-dominated” where innovations come mainly from suppliers, 
whereas the firm’s own R&D efforts are weak; “Scale-intensive services” where the 
main goal of innovation activity is to substitute machinery for labour in order to reduce 
costs, this group is divided in two subgroups, “Scale-intensive physical networks” 
which comprises industries like transport and wholesale and “Scale-intensive 
information networks” which comprises finance, insurance and communications 
industries; and finally the third group “Science-based” that includes software and 
specialized business services that exert a great efforts in innovation and act as sources 
of innovation for other industries. 
 
1.2 Evolution of the science, technology and innovation Portuguese system 
 
According with Laranja (2008), in Portugal we can identify three distinct phases in 
the evolution of Portuguese science, technology and innovation policies. In the first 
half of the 80’s the Portuguese system has two main problems; on the one hand was 
the fact that this system was vertical and on the other hand we had the JNICT – Junta 
Nacional de Investigação Científica e Tecnológica created in 1967 funded by NATO and 
OECD. As consequence, public research centers that belong to a specific sector didn’t 
show interest in demands from other sectors. At this time many process analysis and 
innovation policies didn’t have the necessary attention, what brings legitimacy issues 
to JNICT and show that government failed with the political commitment with science, 
technology and innovation.  
In the second phase, on the second half of the 80’s , some problems remained but 
two new interpretations came up; on one hand, JNICT initiative “Encontros do Vimeiro” 
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and the mobilizing programs “CIENCIA” and “STRIDE” and on the other hand the first 
“Programa Tecnológico Nacional” and the PEDIP programmed by Ministry of Industry 
and Energy. In this second phase a division occurred between a “pure science” vision 
of the science policy and the “pragmatic and useful” vision of the technology and 
innovation policy. In this second phase, there was a bet in the promotion of intangible 
factors as the design and the innovation that failed because, in reality, were the 
tangible factors that were searched and used as well the promotion of innovation 
focused in infrastructures, known as investment with innovative content. 
In the third phase, in the latest 90’s, with PNDES – Plano Nacional para o 
Desenvolvimento Económico e Social, innovation is assumed as first priority, but  the 
governance structure system did not change. In the beginning of 2000, the PROINOV – 
Programa Integrado de Apoio à Inovação attempt to improve this system without 
interfering with institutional governance measures, turning this system more 
centralized. But this model did not have success, since it did not bring any 
improvement or sharing of knowledge in the science, technology and innovation areas.  
Nowadays, there are several public and semi-public institutions of scientific and 
technologic support that were created and supported under the guardianship of 
Science and Economy.  
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1.3 Portuguese CIS results evolution: 1998-2000 to 2002-2004 
 
CIS is the main tool for collecting statistics about firm’s innovation activities as 
product innovation i.e. the introduction of a good or service that is new or significantly 
improved with respect to its characteristics or intended uses and process innovation 
i.e. the implementation of a new or significantly improved production or delivery 
method (Oslo Manual, 2005). 
According with OCES report from 2006, Evolução da Inovação empresarial em 
Portugal 2, the number of companies that claimed to have innovated in CIS 3 and CIS 4 
decreased. Regarding the type of innovation, there was an increase of 3% of firms with 
Process Innovation and a decreased of 5% of firms with Product Innovation (Figure I). 
 
Figure I – Innovation Activities 
 
 
          Source: Own elaboration. 
 
This report also concludes, as shown in Figure II, that the main innovation activities 
related to the acquisition of machinery, equipment and software represent 56% in 
2000, and 71% in 2004, of the total investment on innovation. Also there was a 
considerable increase of firms that declared to be involved in Training (29%), and in 
Marketing (20%). 
Concerning R&D activities, it value increased 6% and the firms who execute these 
activities continuously also increased 13%. 
                                                 
2
 This report only used the CAE’s and size-classes of firms that were common in both inquires CIS3 and 
CIS4. 
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Figure II – Innovation Expenditures 
 
 
               Source: Own elaboration. 
 
The impact on the firms turnover resulting from the sales of goods or services with 
innovations differ across sectors; in the service sector there was an increase of 2% 
(from 20% to 22%) and in the manufacturing sector a decrease of 11% (from 32% to 
21%). 
The report concludes that firms who cooperated with others firms or institutions 
with aim to innovate increased from 17% in 1998-2000 to 19% in 2002-2004. Although, 
the Suppliers were the main partners in innovation activities, the cooperation also 
increased 7% with Clients, 4% with Competitors and 3% with Universities as shown in 
Figure III. 
 
 
Figure III – Sources of Information for Innovation 
 
 
                Source: Own elaboration. 
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At a European Union level, according with European Innovation Scoreboard 2008, 
Portugal raised five places in the overall rate of innovation from the 22nd to the 17th in 
the EU27 (Figure 1), which allow Portugal to join the “moderate innovators” countries 
leaving the group of “catching-up countries”. This improvement resulted in a growth 
rate of innovation indicators and allowed Portugal to be the 5th country most 
progressive. This ranking also refers that Portugal have great developments of the 
indicators on human resources and that Portugal was also the 5th European country 
that most improved in the indicator on the economic effects of innovation. 
 
 
 
 
Figure IV – Summary Innovation Performance EU Member States (2008 SII) 
 
Source: European Innovation Scoreboard 2008. 
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1.4 Motivation 
 
Being so many times mentioned the “Choque Tecnológico” that must happened in 
firms with the goal to turn them more sustainable and competitive it is important to 
evaluate firms behavior on what concerns innovation activities. After that, it will be 
possible to define strategies and objectives precise and consistent with that behavior. 
Bearing in mind this need, we can identify several reasons to elaborate this 
dissertation. Working in GPEARI/MCTES, the Portuguese institution responsible for the 
elaboration of science and technology statistics in Portugal as CIS, where I was allowed 
to work directly with the CIS6 Survey and to go more in depth in the knowledge about 
innovation; this knowledge generate in me more interest in this subject. Another 
reason is that innovation subject is current and very interesting added to the notion of 
the importance of the innovation strategies in firm’s life and in a country economic 
capacity. And finally, the elaboration of this dissertation will permit to characterize the 
innovation patterns of Portuguese firms in both manufacturing and services in two 
distinct periods in time which is a pioneer work in Portugal. 
 
1.5 Objectives 
 
The main goal of this dissertation is to identify and to characterize the Portuguese 
innovation patterns for both manufacturing and service sectors in two distinguished 
periods of time through the data from CIS3 (1998-2000) and CIS4 (2002-2004). Then 
we will be able to: 
1. Compare the results between sectors in which period of time; 
2. Analyze the evolution of the results between the two periods in Portugal; 
3. Analyze if firms of the same industry innovate in the same way; 
4. Compare our results from innovation patterns in service sector with data from 
CIS3 with the results obtained by Camacho e Rodriguez (2008) for Spain. 
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1.6 Dissertation Organization 
 
This dissertation is divided in five chapters. The first chapter presents a frame of 
the importance of innovation for several sectors of the society, mainly for firms. The 
second chapter summarizes the Evolution of the science, technology and innovation 
Portuguese system and presents the evolution of the Portuguese results from CIS3 and 
CIS4. In the third and main chapter, we identify and characterize the Portuguese 
innovation patterns by sector (manufacturing and services) and for two different 
periods of time: 1998-2000 and 2002-2004 using CIS3 and CIS4 data; we also analyze 
the evolution between both periods. In the fourth chapter we investigate if firms of 
the same industry have the same innovative behaviour. In the fifth chapter, we 
compare the Portuguese innovation patterns in service sector, from CIS3 data, with the 
results from the study carried out by Camacho and Rodriguez (2008) for Spanish 
service firms. And finally, the fifth chapter where we present the main results from our 
study, the main conclusions and some ideas for future works. 
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CHAPTER 2: Innovation Patterns: Some Insights from the Portuguese 
Innovation Survey CIS3 and CIS4 
 
2.1 Introduction 
Only recently, the innovation patterns in the service sector have been paid 
attention. According to Pavitt (1984), innovation studies have traditionally considered 
services to be ‘laggards’ in terms of innovation and ‘dominated’ by the technology 
provided by suppliers. 
As Camacho and Rodriguez (2008) refer, at the 80’s, the services sector was 
included in R&D surveys; this inclusion was somewhat  problematic because the data 
collected from these surveys did not show the real degree of innovation of service 
firms due to the indictors used. 
During the 90’s the so called ‘linear model’ was replaced by the ‘interactive model’ 
introduced by Kline and Rosenberg (1986) in the theory of innovation domain and in 
the elaboration of statistics. 
Although many important changes occurred in the measurement of innovation, 
innovation in services continued to be underestimated. At this time, a review of the 
Oslo Manual became necessary being the so-called Voorburg Group charged to 
provide guidelines on the measurement of innovation services by concentrating its 
attention on the differences between the innovation in services and manufacturing 
industries. Consequently, it was necessary to modify the manufacturing innovation 
indicators in accordance with the different features of service innovation. 
In this new century, innovation remains difficult to measure. But great efforts and 
work demonstrated by several institutions and agencies have been done to improve 
the way innovation is measured; an example is the latest review of the Oslo Manual in 
2005 that, as we mentioned before, constitutes the guidelines of CIS.  
Nowadays, the innovation activities in manufacturing and in service sectors are 
measured separately. Consequently it is possible to analyze the two sectors separately, 
to know the characteristics within each sector and to compare them, as we do in this 
chapter. 
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2.2 Data and Methodology 
 
The data used in this study is taken from two waves of the Portuguese Community 
Innovation Survey (CIS3 and CIS4), covering the periods of 1998-2000 and of 2002-
2004. The CIS is a survey of firm’s innovative behaviour which is carried out throughout 
the whole European Union using a harmonised questionnaire. 
The Portuguese CIS3 was based on a stratified random sample of 1.875 firms, out 
of a population of 23.938 firms with 10 or more employees. The stratification is based 
on firm size and sector. The dataset used in this study is at the firm level covering 574 
manufacturing innovate firms from 26 industries and 249 service innovative firms from 
12 industries. 
The Portuguese CIS4 was also based on a stratified random sample of 7.370 firms, 
from a population of 27.797 firms with 5 or more employees. The stratification is 
based on firm size and sector. The dataset used is at the firm level covering 1.082 
manufacturing innovative firms from 15 industries and 895 service innovative firms 
from 10 industries. 
The information extracted from the CIS data is consistent with the directions for 
the collection and interpretation of innovation information defined in the framework 
of the OECD’s Directorate for Science, Technology and Industry that led to the so-
called “Oslo Manual” (OECD, 1996). The focus of the survey is to get firm’s information 
directly from the subjects of innovation multiple dimensions of the innovation 
behaviour, thus providing wide range of information for national and EU technology 
and innovation policies. 
This survey distinguishes between innovation input and innovation output. On the 
input side, it acknowledges the existence of other innovation activities besides 
expenditure in R&D, such as the acquisition of machinery and equipment, external 
knowledge acquisition and expenditures in training, marketing and design. On the 
output side, innovation is assessed not only by the number of patents applied or held 
by the firm but also from the introduction of processes and products new to the firm. 
A further advantage of the CIS data is the inclusion of information about the 
innovation processes, such as financing methods, cooperation arrangements, 
structural and management changes, sources of knowledge and ways of protecting 
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innovation, where besides patents, a variety of strategic methods of protection are 
considered, such as time lead, secrecy and complexity of design. 
The selected indicators of innovation are first synthesized by factor analysis. The 
principal components from factor analysis was performed on the set of variables 
selected, in order to reduce the large number of indicators to a smaller set of 
uncorrelated indicators that explain most of the variance in the sample, where  the 
major principal components were extracted, having in mind three criteria: retain those 
components whose eigenvalues are higher than 1 (Kaiser, 1958) and retain those 
components so that the composition makes sense according with the indicators used 
and whose cumulative variance represent nearly 80% of the total variance. These 
principal components retained are interpreted as firm’s innovative behaviour and 
whose scores are used in a cluster analysis to identified different, homogeneous and 
mutually-exclusive patterns of innovation. The choice of number of clusters to retain 
was based on the interpretability of the clusters in terms of membership; on the 
differences of the clusters means (indicator of inter-cluster heterogeneity) and on the 
cluster’s standard deviations (indicators of intra-cluster heterogeneity) using 
hierarchical clusters algorithms such as Average Linkage, Centroid and Ward’s 
Minimum Variance. These clusters are then interpreted and characterized in terms of 
the principal components and the original variables trough the K-means non-
hierarchical cluster analysis. The empirical analysis is performed in two phases. First, 
we identified innovation patterns in manufacturing and services separately for CIS3 
and CIS4 survey. Then, we explored the extent to which there are significant 
differences in innovation patterns over the time. 
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2.3 Empirical Results for CIS3 (1998-2000) 
 
We used 25 innovation indicators (Table I) as in Camacho and Rodriguez (2008). 
The indicators are divided into four groups: results of the innovation activity (2 
variables); innovation expenditures (7 variables); objectives of the innovation activity 
(7 variables) and sources of information for innovation (9 variables). The two first 
variables are employed to distinguish between the development of product and 
process innovation (Prodin and Procin). To characterize innovation expenditures seven 
variables are used: Internal R&D, External R&D, Machinery, Immtechnology, Design, 
Training and Marketing. Seven objectives of the innovation activity are distinguished: 
Range, Marketshare, Quality, Prodflex, Prodcap, Labcost and Matcost. At last, the 
sources of information for innovation are divided in nine groups: Intsources, 
Firmsources, Suppliers, Clients, Competitors, Universities, Pubresearch, Conferences 
and Fairs. 
 
Table I – Innovation Indicators from CIS3 
 
Label Description Scale Value 
Results of the Innovation Activity 
  Prodin Product Innovation Nominal (Yes/No) 1,0 
  Procin Process Innovation Nominal (Yes/No) 1,0 
Innovation Expenditures  
  Internal R&D Internal R&D Nominal (Yes/No) 1,0 
 External R&D External R&D Nominal (Yes/No) 1,0 
  Machinery Machinery and Equipment Nominal (Yes/No) 1,0 
  Immtecnhology Immaterial Technology Nominal (Yes/No) 1,0 
  Design Design Nominal (Yes/No) 1,0 
  Training Training Nominal (Yes/No) 1,0 
  Marketing Marketing Nominal (Yes/No) 1,0 
Objectives of the Innovation Activity  
  Range Extending Service Range Ordinal 3-0 
  Marketshare Increasing Market Share Ordinal 3-0 
  Quality Improving Quality Ordinal 3-0 
  Prodflex Improving Production Flexibility Ordinal 3-0 
  Prodcap Improving Production Capacity Ordinal 3-0 
  Labcost Lowering Labour Costs Ordinal 3-0 
  Matcost Lowering Material Costs Ordinal 3-0 
Sources of Information for Innovation  
  Intsources Internal Sources Ordinal 3-0 
  Firmsources Other Firms of the Same Group Ordinal 3-0 
  Suppliers Suppliers Ordinal 3-0 
  Clients Clients Ordinal 3-0 
  Competitors Competitors Ordinal 3-0 
  Universities Universities Ordinal 3-0 
  Pubresearch Public Research Centres Ordinal 3-0 
  Conferences Conferences and Journals Ordinal 3-0 
  Fairs Fairs and Exhibitions Ordinal 3-0 
 Source: Own Elaboration. 
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All the variables are qualitative either binary (yes = 1, no = 0) or ordinal with four 
response levels (high importance = 3, medium importance = 2, low importance = 1 and 
no importance = 0). 
 
2.3.1 Manufacturing Sector (CIS3) 
 
We analyzed 574 innovative firms from the manufacturing sector. In order to 
facilitate the interpretation, a rotated factor matrix was then created, using 
Orthogonal Varimax with Kaiser normalization. The results are presented in Table II. 
The four principal components explain 73,2% of the variance in the sample. 
Factor 1 is the one that explains most of the variance in the sample (60%). This 
component has high factor loadings on process innovation, some sources of 
information, and on all the objectives related with the production process: improving 
production capacity and flexibility, lowering labour and material costs and improving 
quality. Overall, this factor seems to be related to Production Efficiency. 
The second factor explains 5,6% of the variance and has a high loading on two 
objectives of innovation activity (range, market share), two sources of information for 
innovation (clients and competitors) and on product innovation. The factor covers the 
product innovation and its indirect results and can be interpreted a Process Innovation 
indicator. 
The third factor, labelled Innovation Expenditures, explains 5,6% of the total 
variance and shows a high factor load on Innovation Expenditures related to internal 
R&D, training, marketing and design.  
The fourth factor explains 3,4% of the total variance and covers sources of 
information for innovation such as universities, public research centres and 
conferences. This factor is related to the Innovation System Interaction. 
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Table II – Factor Analysis Results of the Manufacturing Firms (CIS3) 
  
 Factor 1 Factor 2 Factor 3 Factor 4 
 Production 
Efficiency 
Process 
Innovation 
Innovation 
Expenditures 
Innovation 
System 
Interaction 
Prodcap 0,85 0,21 0,21 0,22 
Labcost 0,84 0,17 0,25 0,23 
Prodflex 0,83 0,25 0,24 0,23 
Matcost 0,79 0,07 0,23 0,29 
Procin  0,79 0,28 0,23 0,23 
Quality 0,75 0,42 0,26 0,24 
Machinery 0,75 0,36 0,21 0,17 
Suppliers 0,70 0,45 0,19 0,25 
Intsources 0,67 0,46 0,28 0,28 
Fairs 0,63 0,55 0,16 0,27 
Marketshare 0,60 0,49 0,36 0,21 
Range 0,58 0,49 0,38 0,20 
Competitors 0,43 0,65 0,10 0,30 
Clients 0,55 0,60 0,21 0,25 
Immtechnology 0,13 0,58 0,39 0,17 
Prodin 0,51 0,57 0,37 0,21 
Design 0,21 0,13 0,76 0,11 
Marketing 0,17 0,33 0,71 0,14 
Training 0,31 0,30 0,64 0,23 
Firmsources 0,36 -0,07 0,49 0,36 
Internal R&D 0,38 0,43 0,47 0,35 
Universities 0,23 0,19 0,16 0,80 
Pubresearch 0,25 0,18 0,16 0,78 
External R&D 0,23 0,28 0,24 0,55 
Conferences 0,47 0,44 0,20 0,47 
 Source: Own Elaboration. 
 
A cluster analysis using a non-hierarchical method (k-means) was performed on the 
scores of the four factors extracted. Preliminary performances with other cluster 
algorithms (hierarchical) were done to choose the final number of clusters where was 
chosen a solution with three clusters. 
To facilitate the interpretation of the results we also present, together with the 
scores of the four factors (Table III), the characteristics, in terms of innovator 
indicators, of the firms in each cluster (Table IV). For the nominal variables we present 
the percentage of firms in each cluster that developed that type of innovation activity 
or expenditures. For example, as can be seen in the first column, 79% of the firms in 
cluster 1 are product innovators and 21% have innovation expenditures related to 
marketing. For the ordinal indicators, the numbers indicate the percentage of firms in 
the cluster that allocate a high importance to that objective or source. For example, in 
cluster 1, 40% of the firms have as innovation activity objective improving quality and 
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41% reveal that the most important source of information for innovation are those 
related to internal sources.  
 
Table III – Statistics for Factor Scores for Manufacturing Sector (CIS3) 
 
 Cluster 1  
(256) 
Cluster 2 
(203) 
Cluster 3 
(115) 
 
Mean 
Standard 
Deviation 
Mean 
Standard 
Deviation 
Mean 
Standard 
Deviation 
F1. Production 
Efficiency 
-0,18 0,61 0,35 0,57 -0,20 0,66 
F2. Process 
Innovation 
0,67 0,60 -0,69 0,61 -0,28 0,77 
F3. Innovation 
Expenditures 
-0,31 0,70 0,50 1,05 -0,18 0,95 
F4. Innovation System 
Interaction 
-0,36 0,53 -0,43 0,52 1,57 0,73 
  Source: Own Elaboration.  
  Notes: (1) The number of firms included within each cluster is reported in parentheses. 
              (2) The mean for the whole sample is equal to zero. 
 
 
Table IV – Innovation Indicators and Clusters of Manufacturing Firms (CIS3) 
 
 Cluster 1 (%) Cluster 2 (%) Cluster 3 (%) 
Results of the Innovation Activity 
  Product Innovation 79 58 67 
  Process Innovation 70 85 84 
Innovation Expenditures 
  Internal R&D 47 46 69 
 External R&D 20 19 52 
  Machinery and Equipment 74 77 72 
  Immaterial Technology 32 10 24 
  Design 9 34 20 
  Training 29 44 45 
  Marketing 21 31 26 
Objectives of the Innovation Activity 
  Extending Service Range 23 26 35 
  Increasing Market Share 18 18 20 
  Improving Quality 40 43 46 
  Improving Production Flexibility 20 38 31 
  Improving Production Capacity 21 40 38 
  Lowering Labour Costs 8 24 22 
  Lowering Material Costs 2 9 14 
Sources of Information for Innovation 
  Internal Sources 41 33 44 
  Other Firms of the Same Group 2 22 13 
  Suppliers 30 23 33 
  Clients 31 15 25 
  Competitors 14 2 11 
  Universities 1 0 24 
  Public Research Centres 0 1 22 
  Conferences and Journals 10 5 17 
  Fairs and Exhibitions 32 16 28 
  Source: Own Elaboration. 
 17 
 
Based on the analysis of both tables we can define the innovation pattern of each 
cluster. 
Cluster 1 contains 256 firms (45%). This cluster shows lower than average 
indicators of Production Efficiency, Innovation Expenditures and Innovation System 
Interaction. The indicator of Process Innovation is higher than the average, due to a 
relatively high number of products innovators (79%). For these firms the acquisition of 
machinery and equipment and immaterial technology are essential inputs to 
innovation. 
Cluster 2 has 203 firms (35%). This cluster shows that only the Production Efficiency 
indicator is higher than the average for these firms where the majority bet in process 
innovation in the innovation activity. 
Finally, cluster 3 is composed by 115 firms (20%) and shows lower than average of 
all indicators except for Innovation System Interaction indicator. The majority of firms 
have as main innovation information sources, besides the Internal Sources (44%), 
Suppliers (33%) and Fairs and Exhibitions (28%). 
 
 
2.3.2 Service Sector (CIS3) 
 
For the service sector we analyzed 259 innovative firms. We applied a factor 
analysis (Principal Components) and obtained five uncorrelated factors that explain 
75,3% of the total variance: the first factor explain the majority part of the total 
variance (57,0%), the second factor explain 5,3%, the third factor 3,5%. Results for the 
factor analysis with the varimax rotation are reported in Table V. 
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Table V – Factor Analysis Results of the Service Firms (CIS3) 
 
 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 
 Innovation 
System 
Interaction 
Product 
Innovation  
Production 
Efficiency 
Innovation 
Promotion 
Interface 
with Public 
Research 
Fairs 0,80 0,12 0,24 0,12 0,19 
Conferences 0,68 0,24 0,24 0,22 0,31 
Clients 0,68 0,28 0,38 0,11 0,16 
Competitors 0,62 0,31 0,31 0,03 0,25 
Suppliers 0,59 0,43 0,44 0,19 0,09 
Marketshare 0,57 0,47 0,34 0,27 0,09 
External R&D 0,12 0,75 0,27 -0,07 0,18 
Training 0,35 0,69 0,19 0,34 0,12 
Immtechnology 0,45 0,62 0,16 -0,05 0,04 
Firmsources 0,04 0,59 0,29 0,37 0,12 
Prodin 0,57 0,58 0,18 0,27 0,12 
Internal R&D 0,40 0,58 0,23 0,19 0,22 
Machinery 0,54 0,57 0,41 0,07 0,03 
Intsources 0,51 0,55 0,44 0,19 0,15 
Range 0,53 0,54 0,26 0,36 0,12 
Quality 0,51 0,54 0,42 0,23 0,19 
Matcost 0,16 0,10 0,81 0,19 0,08 
ProdCap 0,32 0,32 0,80 0,09 0,15 
Labcost 0,37 0,28 0,76 0,14 0,11 
Prodflex 0,34 0,34 0,75 0,14 0,16 
Procin 0,36 0,47 0,60 0,17 0,20 
Design 0,11 0,03 0,20 0,83 0,16 
Marketing 0,34 0,44 0,14 0,64 0,05 
Pubresearch 0,15 0,15 0,10 0,07 0,87 
Universities 0,26 0,14 0,19 0,16 0,81 
  Source: Own Elaboration. 
 
The first factor, Innovation System Interaction, which accounts for 57% of the total 
variance, represents the way that firm interacts with other institutions, namely by 
means of fairs and exhibitions, conferences, clients, competitors and suppliers. 
The second factor called Product Innovation, refers to the product innovation 
(external and internal R&D, training, immaterial technology and machinery and 
equipment), its indirect results (extending service range and improve quality) and non 
external sources of information for innovation (internal and from firms of the same 
group).  
The third factor, Production Efficiency, captures 5,2% of the total variance and 
reflects the indicators associated to the efficiency of the production process objectives. 
The fourth factor, Innovation Promotion, includes expenditures related to design 
and marketing. 
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Finally the last factor, Interface with Public Research, reflects the interaction of 
the firm with public national innovation system (cooperation with universities and 
research centres). 
Next, we performed a cluster analysis based on the scores of the factor analysis. 
Solutions with two, three and four clusters where compared using several hierarchical 
methods. The solution with three clusters was satisfactory and we validated it using a 
non hierarchical method (K-means). The obtained results can be interpreted as 
innovation patterns, and are represented in Table VI. 
 
Table VI – Statistics for Factor Scores for Service Sector (CIS3) 
 
 Cluster 1  
(60) 
Cluster 2 
(26) 
Cluster 3 
(163) 
 
Mean 
Standard 
Deviation 
Mean 
Standard 
Deviation 
Mean 
Standard 
Deviation 
F1. Innovation 
System 
Interaction 
-0,60 0,73 -0,35 0,84 0,28 0,76 
F2. Product  
Innovation 
0,19 0,90 -0,04 0,88 -0,06 0,78 
F3. Production 
Efficiency 
0,20 0,93 -0,11 0,80 -0,06 0,86 
F4. Innovation 
Promotion 
1,11 1,12 -0,04 1,06 -0,40 0,49 
F5. Interface with 
Public Research 
-0,31 0,52 2,40 0,93 -0,27 0,49 
        Source: Own Elaboration.  
        Notes: (1) The number of firms included within each cluster is reported in parentheses. 
    (2) The mean for the whole sample is equal to zero. 
 
To facilitate the interpretation of the results we also present, together with the 
scores of the five factors (Table VII), the characteristics, in terms of innovator 
indicators, of the firms in each cluster that developed that type of innovation activity 
or expenditures. For example, as can be seen in the first column, 63% of the firms in 
cluster 1 are product innovators and 70% have innovation expenditures related to 
marketing. For the ordinal indicators, the numbers indicate the percentage of firms in 
the cluster that allocate a high importance to that objective or source. For example, in 
cluster 1, 57% of the firms reveal that the most important source of information for 
innovation are those related to internal sources.  
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Table VII – Innovation Indicators and Clusters of Service Firms (CIS3) 
 
 Cluster 1 (%) Cluster 2 (%) Cluster 3 (%) 
Results of the Innovation Activity  
  Product Innovation 63 73 66 
  Process Innovation 83 92 71 
Innovation Expenditures 
  Internal R&D 48 69 45 
 External R&D 43 46 33 
  Machinery and Equipment 58 62 76 
  Immaterial Technology 28 38 45 
  Design 43 19 0 
  Training 73 62 43 
  Marketing 70 35 21 
Objectives of the Innovation Activity 
  Extending Service Range 35 38 20 
  Increasing Market Share 33 27 22 
  Improving Quality 43 58 33 
  Improving Production Flexibility 30 27 22 
  Improving Production Capacity 32 31 21 
  Lowering Labour Costs 18 8 15 
  Lowering Material Costs 8 4 6 
Sources of Information for Innovation 
  Internal Sources 57 58 45 
  Other Firms of the Same Group 53 23 10 
  Suppliers 28 31 29 
  Clients 17 19 17 
  Competitors 3 12 6 
  Universities 0 35 0 
  Public Research Centres 0 19 0 
  Conferences and Journals 8 27 10 
  Fairs and Exhibitions 3 15 11 
  Source: Own Elaboration. 
 
The three clusters indentified above correspond to three innovation patterns in 
service sector. 
Cluster 1 contains 60 firms (24%). This cluster is below the average of Innovation 
System Interaction and Interface with Public Research indicators. The indicators of 
Product Innovation, Production Efficiency and Innovation Promotion are above the 
average. These firms have a high degree of investment in the innovation activity of 
marketing. 
Cluster 2 is composed by 26 firms (10%). This cluster is below the average of all 
indicators except for Interface with Public Research indicator. 
Cluster 3 is composed by 163 firms (66%) and also has all the indicators below the 
average except the Innovation System Interaction indicator. 
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2.3.3 Conclusion 
 
Looking to the results of manufacturing and service sectors we see that both sectors 
have three patterns of innovation. The Cluster Analysis in the two sectors showed that 
there are two clusters of firms that bet in process innovation and one that orient their 
strategies to process and product innovation activities. The only innovation indicator 
where there is heterogeneity is the one related to expenditures; in manufacturing 
sector in all clusters expenditures in machinery and equipment it’s the most pointed 
while in the service sector, firm’s expenditures is divided mainly by: training, 
marketing, internal R&D and machinery and equipment. For all the three clusters of 
both sectors are the internal sources are the main source of information for 
innovation. 
 
2.4 Empirical Results for CIS4 (2002-2004) 
 
To identify the Portuguese innovation patterns for this period of time, 2002-2004, 
we used data from the Portuguese CIS4, where were identified 1082 innovative 
manufacturing firms and 895 innovative service firms.  
The CIS4 suffered changes related to some variables related with sources of 
information for innovation. In Table VIII we reproduced Table I revised according these 
changes.  
We also used the 25 indicators (Table VIII) divided into the same four groups: 
results of the innovation activity (2 variables); innovation expenditures (7 variables); 
objectives of the innovation activity (7 variables) and sources of information for 
innovation (9 variables). As the previously analysis for CIS3 data, the two first variables 
are employed to distinguish between the development of product and process 
innovation (Prodin and Procin). The innovation expenditures variables used are: 
Internal R&D, External R&D, Machinery, Immtechnology, Design, Training and 
Marketing. The innovation activity objectives are distinguished in: Range, Marketshare, 
Quality, Prodflex, Prodcap, Labcost and Matcost. Finally, nine sources of information 
for innovation are distinguished: Intsources, Suppliers, Clients, Competitors, 
R&Dprivfirms, Universities, Pubresearch, Conferences and Sciemagazines. 
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Table VIII – Innovation Indicators from CIS4 
 
Label Description Scale Value 
Results of the Innovation Activity  
  Prodin Product Innovation Nominal (Yes/No) 1,0 
  Procin Process Innovation Nominal (Yes/No) 1,0 
Innovation Expenditures  
  Internal R&D Internal R&D Nominal (Yes/No) 1,0 
 External R&D External R&D Nominal (Yes/No) 1,0 
  Machinery Machinery and Equipment Nominal (Yes/No) 1,0 
  Immtecnhology Immaterial Technology Nominal (Yes/No) 1,0 
  Design Design Nominal (Yes/No) 1,0 
  Training Training Nominal (Yes/No) 1,0 
  Marketing Marketing Nominal (Yes/No) 1,0 
Objectives of the Innovation Activity  
  Range Extending Service Range Ordinal 3-0 
  Marketshare Increasing Market Share Ordinal 3-0 
  Quality Improving Quality Ordinal 3-0 
  Prodflex Improving Production Flexibility Ordinal 3-0 
  Prodcap Improving Production Capacity Ordinal 3-0 
  Labcost Lowering Labour Costs Ordinal 3-0 
  Matcost Lowering Material Costs Ordinal 3-0 
Sources of Information for Innovation  
  Intsources Internal Sources and Firms of the Same Group Ordinal 3-0 
 Suppliers Suppliers Ordinal 3-0 
  Clients Clients Ordinal 3-0 
  Competitors Competitors Ordinal 3-0 
  R&Dprivfirms R&D Private Firms Ordinal 3-0 
  Universities Universities Ordinal 3-0 
  Pubresearch Public Research Centres Ordinal 3-0 
  Conferences Conferences, Fairs and Exhibitions Ordinal 3-0 
  Sciemagazines Scientific Magazines Ordinal 3-0 
     Source: Own Elaboration. 
 
All the variables are qualitative and divided in binary (yes = 1, no = 0) and ordinal 
with four response levels (high importance = 3, medium importance = 2, low 
importance = 1 and no importance = 0). 
 
2.4.1 Manufacturing Sector (CIS4) 
 
In the Manufacturing sector we analyzed 1082 firms. Applying the factor analysis 
we obtained four uncorrelated factors that explain 79,9% of the total variance. The 
result of the rotated factor matrix, using the varimax method, it’s presented in Table 
IX. 
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Table IX– Factor Analysis Results for the Manufacturing Firms (CIS4) 
 
 Factor 1 Factor 2 Factor 3 Factor 4 
 Innovation 
Activity 
Institutional 
Sources 
R&D 
Expenditures 
Innovation 
Promotion 
Prodcap 0,84 0,24 0,23 0,21 
Quality 0,84 0,23 0,17 0,24 
Labcost 0,83 0,22 0,23 0,23 
Prodflex 0,83 0,25 0,24 0,24 
Marketshare 0,82 0,23 0,17 0,25 
Clients 0,82 0,25 0,23 0,19 
Suppliers 0,82 0,28 0,26 0,22 
Range 0,80 0,25 0,22 0,24 
Intsources 0,80 0,27 0,23 0,23 
Machinery 0,78 0,27 0,33 0,25 
Matcost 0,78 0,23 0,25 0,25 
Procin 0,77 0,28 0,34 0,22 
Conferences 0,77 0,33 0,26 0,23 
Sciemagazines 0,75 0,35 0,25 0,24 
Competitors 0,74 0,35 0,26 0,22 
Prodin 0,61 0,24 0,28 0,48 
Training 0,59 0,26 0,42 0,39 
Pubresearch 0,30 0,83 0,17 0,21 
Universities 0,36 0,79 0,20 0,21 
R&Dprivfirms 0,45 0,63 0,30 0,12 
External R&D 0,26 0,23 0,83 0,11 
Immtechnology 0,24 0,12 0,63 0,37 
Internal R&D 0,44 0,31 0,61 0,27 
Marketing 0,32 0,29 0,21 0,74 
Design 0,38 0,15 0,32 0,67 
 Source: Own Elaboration. 
 
The first factor explains the most the variance in the sample (68,8%). This 
component has high loadings on process and product innovation, on all the objectives 
related with innovation activity, on the majority of sources of information and two 
innovation expenditures related to the acquisition of machinery and equipment and 
training. Such as we can assume this factor as the one related to Innovation Activity. 
The second factor explains 5,1% of the variance, has high loadings on three sources 
of information for innovation: public research centres, universities and R&D private 
firms and can be interpreted as a Institutional Sources indicator. 
The third factor explains 3,7% of the variance, named R&D Expenditures covers 
three innovation expenditures objectives related to innovation: internal and external 
R&D and immaterial technology. 
The four factor explains 2,3% of the total variance and shows a high loadings on 
marketing and design, two types of expenditures related with innovation activity, 
labelled Innovation Promotion. 
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With the scores of these four factors, we performed a non-hierarchical cluster 
analysis (K-means). In Table XI is presented the characteristics of innovative firms of 
each cluster by innovator indicator. For nominal variables we present the percentage 
of firms in each cluster that developed that type of innovation activity or expenditures. 
For example, in the first column, 87% of the firms in cluster 1 are process innovators 
and 89% have innovation expenditures related to the acquisition of machinery and 
equipment. For the ordinal indicators, the numbers indicate the percentage of firms in 
the cluster that allocate a high importance to that objective or source. For example, in 
cluster 1, 32% of the firms assume that the most important objective of their 
innovation activity is to lower the material costs. 
 
 
Table X – Statistics for Factor Scores for Manufacturing Sector (CIS4) 
 
 Cluster 1  
(548) 
Cluster 2 
(226) 
Cluster 3 
(308) 
 
Mean 
Standard 
Deviation 
Mean 
Standard 
Deviation 
Mean 
Standard 
Deviation 
F1. Innovation  
Activity  
0,16 0,58 -0,14 0,47 -0,18 0,48 
F2. Institutional 
Sources 
-0,66 0,46 1,02 0,61 0,43 0,71 
F3. R&D   
Expenditures 
0,27 0,91 0,30 0,95 -0,71 0,61 
F4. Innovation 
Promotion 
-0,10 0,81 -0,88 0,65 0,82 0,69 
         Source: Own Elaboration.  
         Notes: (1) The number of firms included within each cluster is reported in parentheses. 
     (2) The mean for the whole sample is equal to zero. 
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Table XI – Innovation Indicators and Clusters of Manufacturing Firms (CIS4) 
 
 Cluster 1 (%) Cluster 2 (%) Cluster 3 (%) 
Results of the Innovation Activity  
  Product Innovation 63 51 84 
  Process Innovation 87 89 77 
Innovation Expenditures 
  Internal R&D 51 67 43 
 External R&D 36 51 9 
  Machinery and Equipment 89 92 80 
  Immaterial Technology 34 27 18 
  Design 42 18 61 
  Training 69 64 70 
  Marketing 28 17 76 
Objectives of the Innovation Activity 
  Extending Service Range 10 13 8 
  Increasing Market Share 19 17 16 
  Improving Quality 12 9 11 
  Improving Production Flexibility 12 12 8 
  Improving Production Capacity 9 12 7 
  Lowering Labour Costs 22 15 14 
  Lowering Material Costs 32 23 24 
Sources of Information for Innovation 
  Internal Sources and Firms of the Same Group 10 9 6 
  Suppliers 12 10 13 
  Clients 20 20 10 
  Competitors 28 31 29 
  R&D Private Firms 11 43 25 
  Universities 3 51 35 
  Public Research Centres 2 54 35 
  Conferences, Fairs and Exhibitions 19 27 22 
  Scientific Magazines 26 26 28 
 Source: Own Elaboration. 
  
Analysing the two previously tables we can define the innovation pattern of each 
cluster. 
Cluster 1 contains 548 firms (50,6%). This cluster is below the average of 
Institutional Sources and Innovation Promotion indicators. The indicators of Innovation 
Activity and R&D Expenditures are above the average. For example, for these firms the 
acquisition of machinery and equipment are essentials inputs to the innovation 
activity. 
Cluster 2 includes 226 firms (20,9%). This cluster shows lower than average 
indictors of Innovation Activity and Innovation Promotion. For Institutional and R&D 
Expenditures indicators the cluster shows higher than the average and also shows a 
high number of process innovators (89%). As the cluster 1, firms of this cluster also 
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considers the acquisition of machinery and equipment very important, being the main 
expenditure in the innovation activity to the majority of firms (92%). 
Cluster 3 includes 308 firms (28,5%), has Innovation Activity and R&D Expenditures 
indicators lower than the average and the indicators of Institutional Sources and 
Innovation Promotion above the average. The majority of firms of this cluster consider 
the marketing activity a very important input to the innovation activity. 
 
2.4.2 Service Sector (CIS4) 
 
In service sector we analyzed 895 innovative firms. As in previously analysis we 
start to apply a Factor Analysis where we obtained four uncorrelated factors that 
explain 79,0% of the total variance. In Table XII we present the result of the rotated 
matrix, using the varimax method.  
 
Table XII – Factor Analysis Results of the Service Firms (CIS4) 
 
 Factor 1 Factor 2 Factor 3 Factor 4 
 Production 
Efficiency 
Product 
Promotion 
Institutional 
Sources 
External 
Acquisition 
Prodflex 0,83 0,29 0,19 0,20 
Quality 0,82 0,28 0,19 0,20 
Prodcap 0,82 0,29 0,22 0,21 
Range 0,81 0,25 0,19 0,23 
Marketshare 0,81 0,27 0,21 0,17 
Intsources 0,80 0,28 0,23 0,22 
Suppliers 0,80 0,33 0,22 0,23 
Labcost 0,79 0,24 0,23 0,27 
Clients 0,77 0,34 0,24 0,21 
Procin 0,76 0,31 0,20 0,34 
Matcost 0,74 0,10 0,29 0,25 
Sciemagazines 0,74 0,34 0,28 0,22 
Machinery 0,74 0,36 0,22 0,36 
Conferences 0,73 0,35 0,29 0,21 
Competitors 0,72 0,37 0,27 0,20 
Training 0,66 0,45 0,24 0,37 
Marketing 0,38 0,70 0,19 0,27 
Design 0,34 0,67 0,27 0,24 
Prodin 0,47 0,65 0,23 0,21 
Internal R&D 0,43 0,51 0,19 0,47 
Pubresearch 0,26 0,18 0,87 0,16 
Universities 0,31 0,25 0,82 0,17 
R&Dprivfirms 0,50 0,25 0,50 0,34 
External R&D 0,32 0,20 0,16 0,78 
Immtechnology 0,23 0,27 0,19 0,74 
         Source: Own Elaboration. 
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The first factor, explains the most of the variance in the sample (68%). This 
component, labelled Production Efficiency, has high loadings on all the innovation 
activity objectives, on the most sources of information and on two expenditures 
related with innovation. 
The second factor that explain 5,0% of the total variance has high loadings to 
innovation expenditures related to marketing, design, internal R&D and product 
innovation and can be interpreted as a Product Promotion indicator. 
The third factor explain 3,8% of the variance and has high loadings on three 
sources of information: public research centres, universities and private R&D firms. We 
can assume this factor as an Institutional Sources indicator. 
The fourth factor that explain 2,4% of the total variance has high loadings on two 
expenditures related with innovation: external R&D and immaterial technology. This 
factor can be interpreted as an External Acquisition indicator. 
Next, we performed a hierarchical cluster analysis, using the scores of the four 
factors with aim to choose the final numbers of clusters. Then with a non-hierarchical 
cluster analysis (K-means) we were able to characterize the following three clusters 
that we reached (Table XIII). As we did before, we also elaborated a table (Table XIV) 
that shows the number of firms within each cluster by indicator. 
 
Table XIII – Statistics for Factor Scores for Service Sector (CIS4) 
 
 Cluster 1  
(339) 
Cluster 2 
(254) 
Cluster 3 
(302) 
 
Mean 
Standard 
Deviation 
Mean 
Standard 
Deviation 
Mean 
Standard 
Deviation 
F1. Production 
Efficiency 
-0,02 0,58 0,27 0,47 -0,21 0,48 
F2. Product  
Innovation 
0,67 0,46 -0,64 0,61 -0,22 0,91 
F3. Institutional 
Sources 
-0,41 0,91 0,78 0,95 -0,20 0,61 
F4. External 
Acquisition 
-0,57 0,81 -0,53 0,65 1,09 0,69 
        Source: Own Elaboration.  
        Notes: (1) The number of firms included within each cluster is reported in parentheses. 
    (2) The mean for the whole sample is equal to zero. 
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Table XIV – Innovation Indicators and Clusters of Service Firms (CIS4) 
Source: Own Elaboration. 
 
Cluster 1 is composed by 339 firms (38%). This cluster shows lower than the 
average of all indicators except of Product Innovation indicator. In this cluster there 
are 73% of product innovator firms. 
Cluster 2 includes 254 firms (28%). This cluster is lower the average of Product 
Efficiency and External Acquisition indicators and higher than the average of 
Production Efficiency and Institutional Sources indicators. In this cluster, 86% of firms 
are process innovators. 
Cluster 3 includes 302 firms (34%). This cluster only shows higher than average to 
External Acquisition indicator. For the firms of this cluster, the external R&D represents 
an important input in the innovation activity. 
 
 Cluster 1 (%) Cluster 2 (%) Cluster 3 (%) 
Results of the Innovation Activity  
  Product Innovation 73 41 57 
  Process Innovation 80 86 92 
Innovation Expenditures 
  Internal R&D 52 30 69 
 External R&D 12 14 83 
  Machinery and Equipment 80 83 92 
  Immaterial Technology 12 12 65 
  Design 57 29 46 
  Training 82 69 87 
  Marketing 66 24 50 
Objectives of the Innovation Activity 
  Extending Service Range 10 16 11 
  Increasing Market Share 17 20 11 
  Improving Quality 10 12 8 
  Improving Production Flexibility 12 11 6 
  Improving Production Capacity 5 9 2 
  Lowering Labour Costs 15 22 17 
  Lowering Material Costs 15 32 24 
Sources of Information for Innovation 
  Internal Sources and Firms of the Same Group 4 9 4 
  Suppliers  17 16 12 
  Clients 19 21 17 
  Competitors 31 28 26 
  R&D Private Firms 15 34 18 
  Universities 9 36 14 
  Public Research Centres 5 39 11 
  Conferences, Fairs and Exhibitions 25 22 22 
  Scientific Magazines 24 26 22 
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2.4.3 Conclusion 
 
Completed the analysis of both manufacturing and service sector from CIS4 data, 
we can conclude that despite the differences between both activity sectors, the three 
innovation patterns identified have some similarities. Clusters 1 of the two sectors 
share the innovation activities, expenditures, objectives and information sources. Both 
Clusters 2 orient their strategies to process innovation, have the same innovation 
expenditures and information sources, differing only in the innovation objectives, 
while manufacturing firms pointed all the objectives as very important, service firms 
pointed lowering material and labour costs and increasing market share as the most 
important objectives of their innovation activity. In Cluster 3, firms have different 
innovation strategies, manufacturing firms have process and product innovation 
activities while the majority of the service firms only have process innovation activity, 
but similar innovation expenditures, objectives and sources of information. 
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2.5 Trends in Innovation Patterns for Portugal 
 
 
Analyzing the final results of both periods of time for each activity sector we can 
now evaluate what changes happened between them in manufacturing and service 
sector. 
In manufacturing sector the main changes between 1998-2000 and 2002-2004 are 
related with innovation expenditures, objectives and information sources. In 1998-
2000 we have one cluster where firms orient their strategy to process and product 
innovation and two clusters where the majority of the firms bet in process innovation; 
in 2002-2004, we have two clusters where firms have both process and production 
innovation activities and one cluster where the majority of the firms bet in process 
innovation. In CIS3, the main expenditures of manufacturing firms were related to 
machinery and equipment; in 2002-2004 firms also expend in machinery and 
equipment as well in training and internal R&D. In CIS 3, firms objectives were focused 
in improve quality, production flexibility and capacity; in 2000-2004 firms pointed all 
the objectives as very important. The main source of information, in 1998-2000, were 
the internal sources to all clusters while in 2002-2004 firms of each clusters pointed 
different sources as the most important. 
In service sector, firms behave differently, namely, in the innovation expenditures, 
objectives and information sources. In 1998-2000, we identified one cluster where 
firms orient their strategy to process and product innovation and two clusters where 
the majority of the firms bet in process innovation; in 2002-2004 we have two clusters 
where firms have both process and production innovation activities and one cluster 
where the majority of the firms bet in process innovation. In 1998-2000, firm’s 
expenditures between clusters were heterogeneous while in 2002-2004 all the three 
clusters expend more in machinery and equipments, training and internal R&D. In CIS3, 
the main objectives of the firms of the three clusters were focused in to improve 
quality while in 2002-2004 firms pointed all the objectives as very important could be 
distinguished the objective of lowering material costs. In 1998-2000 the main sources 
of information were the internal sources in 2002-2004 firms of each cluster pointed 
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different sources and should be noted that in 2002-2004 internal sources were less 
pointed as the most important. 
We can conclude that many and important changes happened between the two 
sectors, manufacturing and service, in these two periods of time related with firms 
innovation activities as in innovation expenditures, objectives and sources of 
information. 
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CHAPTER 3: Innovation Patterns of Portuguese Firms in Manufacturing 
and Service Industries 
 
In this chapter we distribute clusters of manufacturing and service firms from CIS3 
and CIS4 data by industry, Table XV and Table XVI respectively, in order to evaluate if 
firms of the same industry have the same innovative behaviour.3 
Analyzing Table XV, with data from CIS3, we can conclude that there is a high 
degree of homogeneity within the different industries for both activity sectors. In 
manufacturing sector, the majority of firms of each industry belong to Cluster 1, except 
five industries: extractive industries; food, beverages and tobacco and electrical and 
optical in Cluster 2 and machinery and equipment and electricity, gas and water in 
Cluster 3. This means that in the majority of industries of this sector, firms developed 
process and product innovation, have as main expenditures related with machinery 
and equipment and have as main objective improve quality and information source the 
internal sources. In service sector, all firms of each industry belong to Cluster 3 with 
high percentages, which means that service innovative firms of all industries orient 
their strategies to both process and product innovation activity, have most of the 
expenditures with machinery and equipment, their main objective is to improve 
quality and their main source of information are internal sources. 
Table XVI allow us to evaluate the distribution by industry of firms from CIS4.  We 
can conclude that there is a high degree of homogeneity within each industry in 
manufacturing sector and heterogeneity within different industries in service sector. In 
manufacturing sector we observe that with the exception of electricity, gas and water 
industry that belong to Cluster 2 and rubber and plastics industry that have a closer 
distribution in Cluster 1 and 3, most of firms of each industry belong to Cluster 1, 
which means that innovative manufacturing firms, from CIS4, in the majority of 
industries bet in process and product innovation activities, having as main 
expenditures machinery and equipment, main objective lower material costs and as 
main information source the competitors and scientific magazines. The innovative 
service firms, from CIS4, allow us to conclude that there is homogeneity within some 
industries and heterogeneity in others. In this sector, is presented homogeneity in two 
                                                 
3
 Some industries have been aggregated for reasons of confidentiality. 
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industries: hotels and restaurants that belong to Cluster 1 and software and R&D that 
also belong to Cluster 1, and heterogeneity within the following industries: wholesale 
and retail trade and financial activity where, in both cases, firms are similarly 
distributed in Cluster 1 and 3 and the industries of transport, other transport and other 
business services that are similarly distribute in the three clusters. So we conclude that 
service firms innovative behaviour differ in some industries, i.e., in some industries the 
majority of firms innovate in the same way and others firms if the same industry 
innovate in different way depending the cluster that they belong, that we described in 
the previous chapter. 
 
Table XV – Clusters of Manufacturing and Service Firms Distributed by Industry (CIS3) 
 
  Cluster 1 (%) Cluster 2 (%) Cluster 3 (%) 
Manufacturing Sector 
  Extractive Industries 8 75 17 
  Food, beverages and tobacco 35 48 17 
  Textiles and Clothing 49 35 15 
  Leather industry 43 29 29 
  Wood and cork 43 29 29 
  Paper, publishing and printing 60 30 11 
  Chemical Industry 41 32 27 
  Rubber and Plastics 56 26 18 
  Non metallic minerals 50 25 25 
  Metallurgy and metal products 46 37 17 
  Machinery and equipment 30 26 44 
  Electrical and optical 29 53 18 
  Material of transport 45 38 17 
  Other manufacturing 73 19 8 
  Electricity, gas and water 15 23 62 
Service Sector 
  Wholesale trade 24 3 72 
 Transport 7 15 78 
 Other transport 29 0 71 
  Post and telecommunications 40 7 53 
  Financial activity 34 6 59 
  Software and R&D 19 19 63 
  Other business services 10 33 57 
  Source: Own Elaboration. 
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Table XVI – Clusters of Manufacturing and Service Firms Distributed by Industry (CIS4) 
 
  Cluster 1 (%) Cluster 2 (%) Cluster 3 (%) 
Manufacturing Sector 
  Extractive Industries 48 15 38 
  Food, beverages and tobacco 52 14 34 
  Textiles and Clothing 54 24 22 
  Leather industry 63 27 10 
  Wood and cork 45 28 27 
  Paper, publishing and printing 62 17 21 
  Petroleum and Chemical Industry 47 19 34 
  Rubber and Plastics 45 12 43 
  Non metallic minerals 47 20 32 
  Metallurgy and metal products 47 24 29 
  Machinery and equipment 71 14 14 
  Electrical and optical 42 19 39 
  Material of transport 50 21 29 
  Other manufacturing 59 20 21 
  Electricity, gas and water 31 48 21 
Service Sector 
  Wholesale trade 36 30 34 
 Retail trade 43 24 33 
 Hotels and restaurants 46 15 38 
  Transport 29 43 28 
 Other transport 33 27 40 
  Post and telecommunications 43 18 39 
  Financial activity 42 16 42 
  Software and R&D 55 16 29 
  Other business services 34 33 33 
 Source: Own Elaboration. 
 
Analyzing the evolution of firms innovative behaviour by industries, we conclude 
that in the manufacturing sector the homogeneity remained in CIS3 and CIS4;  in both 
cases the majority of firms bet in process and product innovation activities, expend 
more in machinery and equipment, although their innovation objectives and 
information sources differ. In the service sector we observe that we passed from a 
case of a high degree of homogeneity within the most of the industries to a case of 
heterogeneity, before most of the firms, of the majority of the industries, innovated in 
the same way, while in 2002-2004 firms innovative behaviour differ in the majority of 
the different industries. 
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CHAPTER 4: Innovation Patterns in the Service Sector: Do Portuguese 
and Spanish Firms Innovate in the Same Way? 
 
In this chapter, as mentioned before, we will compare the Portuguese and Spanish 
innovation patterns that result of the analysis from CIS3 data for service sector. 
The methodology used in both studies was very similar; as a first step a  Factor 
Analysis (Principal Components) was performed and with the resulting scores of the 
factors a non-hierarchical Cluster Analysis (K-means) was done. In the Portuguese 
study were analyzed 249 innovative service firms while in the Spanish study were 
analyzed 1193 innovative service firms.  In our analysis were identified four factors 
whose scores were used in the Cluster Analysis where we reached three clusters. In 
the Spanish study the Analysis Factor resulted in six factors used in the Cluster Analysis 
which generated five clusters. 
Camacho and Rodriguez (2008) identified five innovation patterns with the 
following innovation activities: two patterns where the majority of the firms have 
process and product innovation activities, two patterns where the majority of the firms 
have product innovation activities and one pattern where the majority of the firms 
have process innovation activities. While, in our work we identified two patterns 
where the majority of the firms have process innovation activity and one pattern 
where the majority of the firms have both process and product activities. 
What concerns to expenditures related with the innovation activity we also found 
differences between the two countries, while Portuguese firms pointed that the most 
costs with innovation activities are with: design and marketing (Cluster 1); internal 
R&D, machinery and equipment and training (Cluster 2) and machinery and equipment 
(Cluster 3), the Spanish firms pointed that the most costs were with: machinery and 
equipment (Clusters 2, 3 e 4); machinery and equipment, training and marketing 
(Cluster 1) and internal R&D and training (Cluster 5).  
The main objective of the innovation activities for all identified patterns of both 
countries is to improve quality and the most important source of information for 
innovation pointed by all clusters of service firms were internal sources. 
Portuguese and Spanish firms also differ in what concern to firm’s innovative 
behaviour of the same industry. The following tables (Tables XVII and XVIII) shows the 
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clusters of Portuguese and Spanish service firms distributed by industry, respectively, 
and in distinguished groups. These groups are the result of the pioneer paper by Soete 
and Miozzo (1989), mentioned in the first chapter. 
Analyzing the tables we can conclude that in Spain there are more industries with 
innovative service firms than Portugal and that the firm’s innovative behaviour of the 
same industries differs between countries, moreover in Portugal there are not 
industries classified, according Soete and Miozzo (1989) classification, in Supplier 
dominated group. While in Portugal firms of the same industry innovate in the same 
way, as we shown in the previously chapter, in Spain innovative service firms of the 
same industry innovate in a different way. 
Comparing the Portuguese and Spanish innovation patterns of innovative service 
firms, we can conclude that the main differences between Portuguese and Spanish 
innovation patterns for service firms are: the strategies of the innovation activity 
related with product and/or process innovation activity, the type of expenditures 
related with innovation activity and the innovative behaviour of service firms within 
the same industry. Despite these divergences, the majority of all innovation patterns 
from both countries assume that the most important sources of information for 
innovation are internal sources and the main goal of the innovation activity is to 
improve the quality of their products. 
 
Table XVII – Clusters of Portuguese Service Firms Distributed by Industry (CIS3) 
 
  Cluster 1 (%) Cluster 2 (%) Cluster 3 (%) 
Scale-intensive: 
  Physical networks  
   Wholesale trade 24 3 72 
    Transport 7 15 78 
  Information networks 
    Financial Intermediation 34 6 59 
   Post and Telecommunications 40 7 53 
Science-based    
   Software and R&D 19 19 63 
Other services 
   Other transport 29 0 71 
  Other business services 10 33 57 
 Source: Own Elaboration. 
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Table XVIII – Clusters of Spanish Service Firms Distributed by Industry (CIS3) 
  
  Cluster 1 (%) Cluster 2 (%) Cluster 3 (%) Cluster 4 (%) Cluster 5 (%) 
Supplier dominated 
  Sale and repairs 21 28 42 8 2 
  Hotels and restaurants 27 20 38 9 5 
  Health, social and community services 13 25 30 9 22 
Scale-intensive: 
  Physical networks  
   Wholesale trade 23 35 25 8 9 
    Transport 18 35 28 12 6 
  Information networks 
    Financial Intermediation 25 22 16 34 3 
   Telecommunications 16 22 22 25 16 
Science-based  
   Software 19 18 1 33 29 
   R&D 8 8 2 17 66 
   Engineering and technical services 9 20 20 28 23 
   Technical testing and analysis 18 23 9 32 18 
Other services 
  Retail trade 28 20 30 12 10 
   Other transport 19 17 39 19 6 
   Post 20 33 33 13 0 
   Real estate 16 8 48 12 16 
   Renting of machinery and equipment 4 48 26 17 4 
   Other computer activities 8 38 9 25 21 
  Other business services 18 36 31 13 2 
  Movies and video 14 29 29 14 14 
  Radio and television 18 26 29 21 6 
  Total services 18 26 24 18 15 
   Source: Camacho & Rodriguez (2008). 
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CHAPTER 5: Conclusions and Future Work 
 
Over the last years, innovation is increasingly a topic of interest to several society 
areas as social and economic. Innovation assumes today a key role in firms and 
countries life. With this in mind, changes have been made in order to improve the way 
how innovation activities are measured as, for example, the new edition of the Oslo 
Manual (2005). 
In Portugal, the system of science, technology and innovation policies had a 
difficult and troubled life. Nowadays, the notion of the importance of innovation it’s 
clearer, despite the several institutions that intervenes innovation area. At a European 
level, Portugal showed his improvement in this area climbing several places in the 
overall rate of innovation of the European Scoreboard 2008. 
With this work we wanted to bring the Portuguese innovation activities to a new 
level, as has been done in other countries, defining the Portuguese innovation 
patterns. 
As we proposed to do in the beginning of this work, we identify and characterize 
the Portuguese innovation patterns for manufacturing and service sectors using data 
from CIS3 and CIS4, which represent two distinguished periods of time. This 
identification allowed us to compare sectors and evaluate the evolution of the same 
sector between the two periods. Between sectors we could conclude that firms of the 
three clusters have differences related with the type of innovation activity and 
innovation expenditures and similarities related with innovation objectives and 
sources of information. But the analysis of the evolution of each sector, allowed us to 
identify huge differences related with innovation expenditures, objectives and sources 
of information. 
The distribution of firms of the several clusters by industry showed us that firms of 
the majority industries of manufacturing sector in 1998-2000 and 2002-2004 and 
service sector 1998-2000 innovate in same way, except the innovative firms of service 
sector in 2002-2004; in that case the majority of firms innovate in a different way. 
The comparison between the Portuguese and Spanish innovation patterns of 
service innovative firms showed us that are different strategies in innovation activities 
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and different distribution innovation expenditures but also suggest that are aspects in 
common as the main innovation objective and source of information. The comparison 
also allows to observe that these firms when distributed by industry have different 
innovative behaviours; Spanish firms innovate in a different way while Portuguese 
innovate in the same way. 
With this pioneer work, in Portugal, we hope to increase the knowledge about 
innovation, knowing that this is a first step of a long journey. Still, there is a lot of work 
that have and must be done in this area, for example, define and analyze the 
Portuguese innovation patterns with more recent CIS data, including structural 
information about firms and the organizational and marketing innovation activities 
that have been included in the latest community innovation surveys with the aim of 
deepening the knowledge in order to update continuously strategies and policies to 
improve the innovation activity in Portugal with the aim of to make firms more 
competitive and profitable promoting their own growth and the growth of the country. 
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